STUDY DESIGN AND METHODS: Seventeen blood
center members of the Biomedical Excellence for Safer Transfusion (BEST) Collaborative from 12 countries provided the number of donors and people in the general population by demographic category for 2001 and 2011, changes in age criteria, and percentage of first-time donors. We calculated the median age of donors and the general population and determined the percentage of each group in age and sex cohorts.
RESULTS:
Age criteria vary, with upper limits recently liberalized in several countries. In 2011, the percentage of first-time donors ranged from 10% to 41%. The median age of the donor and general population increased from 2001 to 2011 in most countries, as did the percentage of the general population over 60. The youngest donor cohort is overrepresented to a variable degree; this tendency increased over time. Although still underrepresented, older donors contributed more in 2011. A large middle-aged cohort is aging at a rate exceeding the progression of time, while 25-to 45-yearolds are relatively underrepresented.
CONCLUSIONS: All participating countries are experiencing aging of their general population. Donor demographics differ substantially between countries; this can be only partly explained by population demographics and age criteria. Many countries have an aging middleaged donor and population cohort and are increasingly relying on their youngest donors to contribute disproportionately to the blood supply. P redicting the future need for blood components is a difficult undertaking, and predicting the future response of the population to appeals to donate blood is even more problematic. While many developed countries have seen a sharp decrease in the demand for red blood cells (RBCs) in the past few years, these same countries anticipate that needs may change again as their population demographics shift. 1 Studies performed in Canada, Spain, Northern Ireland, England, Germany, Japan, the Netherlands, and the United States indicate that per-capita blood use starts increasing in individuals over age 50, and more than 50% of RBCs are currently transfused to individuals over age 60. [2] [3] [4] [5] [6] [7] [8] [9] In most developed countries, the proportion of the population in this older age group is rapidly increasing and therefore the need for blood may rapidly increase along with them. Equally difficult to prognosticate is the stability of the blood supply. 10 The blood supply depends on dedicated volunteer donors, often drawn from younger age groups. With falling birth rates in many developed countries, these younger age groups are decreasing as a percentage of the overall population. First-time donors in particular are often young adults. At the same time, current middleaged or older dedicated donors are aging and may become ineligible to donate due to arbitrary age limits or intercurrent morbidity. Therefore, there is concern that in the next few years, demographic trends in the general population and donor population may converge to result in blood shortages. [6] [7] [8] [9] [10] [11] [12] [13] Examining data on general population and blood donor trends over time can help assess if these predicted patterns seem likely in all countries or in only selected countries. The Biomedical Excellence for Safer Transfusion (BEST) Collaborative brings together an international group of scientists, physicians, and industry members to perform collaborative studies in transfusion medicine. We surveyed blood center members of BEST regarding the number of donors and members of the general population in their jurisdiction by age and sex for 2001 and 2011. These data were then used to determine demographic changes in the two periods in both donors and the general population. We also compared donor demographics in different countries, illustrating commonalities and differences based on variation in recruitment and retention policies.
MATERIALS AND METHODS
Blood center members of BEST were asked to provide the number of male and female allogeneic whole blood and double RBC apheresis donors by year of age using a standard data table. The number of males and females in the general population by age for the same time points was determined from national statistics. Only members of the general population over the minimum age for blood donation (16, 17 , or 18 depending on the country) were included; no maximum age for the general population was set since they varied even in a single jurisdiction for first-time or repeat donors and varied over time in several jurisdictions. Data were collected for 2001 and 2011. Centers also provided their minimum and maximum donor age criteria, changes to donor age criteria over the time of the study, the percentage of all donors that were donating to their organization for the first time, and any particular donor practices that might influence demographics in their jurisdiction. The number of donors was sorted into age group categories for males and females, and the percentage of each demographic category was calculated as the percentage of total donors; this was also done for general population data. Differentials were calculated as the difference between the percentage of the donor population and the percentage of the general population for each age and sex grouping.
Data were received from 17 blood centers in 12 countries, although several were not able to provide data for Table 1 shows the donor age criteria in various jurisdictions, the percentage of first-time donors in 2011, and additional comments regarding extra requirements for older donors and recruitment practices; these differences explain some of the differences in donor demographics seen between countries. The lower age for donation ranges from 16 to 18 years. There is considerable variability in upper age limit: many countries have no upper age limit, and some require recent donation or medical approval to continue past a given age, while others have a firm upper age limit ranging from 69 to 80 years. Several countries, including Canada, England and North Wales, and Germany, have modified their criteria to permit older individuals to continue donating. In 2011, the percentage of first-time donors ranged from a low of 10% in Japan and the Netherlands, to a high of 29% in the United States and 41% in Singapore.
RESULTS
The median age and interquartile range of blood donors changed from 2001 to 2011 at different rates in different countries (Table 2) . To facilitate the comparison with the donor population, the general population median was calculated starting at the lowest age of permissible blood donation in a given country (for example, 16 years in the United States) and did not have an upper limit. In 2001, the median age of donors was significantly younger than the general population, with the exception of the Netherlands (donors 1 year older). The difference in median age between donors and the general population ranged from 1 year in New Zealand to 7 years in France and Singapore. In 2011, the median age of donors had increased by 1 to 4 years in most countries for which a comparison is possible, with the exception of New Zealand and Singapore (no change), and the United States (donors 1 year younger than 2001). The median age of the general population also increased by from 1 year to 4 years, in all countries for which a comparison is possible. The percentage of the general population over age 60 ranged from 12.4% (Singapore) to 28.3% (northern states of Germany) in 2001; by 2011, it had increased by 1% to 3% in all countries. Except for England and North Wales, the median age of the general population increased more than the median age of the donor population.
Although results vary in different jurisdictions, in general, the youngest cohort of the population is overrepresented in the donor group, and this tendency increased in 2011 compared to 2001. The 16-to 25-year age group (or 17-or 18-to 25-year age group) represents from 11% to 17% of the general population in participating countries. Figure 1 shows the percentage of donors in the youngest age cohort in 2001 and 2011, for countries with data available for both time periods; the percentage of the general population in the youngest cohort is shown by a gray line. Not surprisingly, countries with higher percentages of first-time donors, such as Singapore and the United States, have the highest percentage of donors in the youngest age category. The differences between countries are greater than the differences in the same country between the two periods. In the United States, there was a major increase in the participation of this age cohort in the donor pool in 2011 compared to 2001. In most countries, female donors are slightly overrepresented compared to male donors in the youngest age cohort, while in older age cohorts, representation is equal or males are overrepresented. The exceptions are Singapore and Japan, where male donors are overrepresented in all age cohorts; male donors are preferred since they can more often donate a 400-mL unit rather than a 200-mL unit, based on donor weight. Although more younger donors are participating in donation, the oldest cohort of donors is also contributing an increasing proportion of the overall blood supply ( Table 3 Some of these changes are better seen in graphical form. In Fig. 2 , the distribution of the general population and donors by age in 2001 and 2011 is shown for the Netherlands, the United States, England and North Wales, and Singapore. There is a middle-aged cohort that is aging 
DISCUSSION
Much of modern medical practice depends on the availability of blood components. RBC use per capita has declined in many countries in the past few years, due to improvements in surgery and modifications in transfusion practice, such as patient blood management. 1, 14 However, demand appears to be stabilizing or increasing slightly in many jurisdictions. In all developed countries that have performed a detailed analysis of RBC use, per-capita use of blood products correlates very closely with population age. [2] [3] [4] [5] [6] [7] [8] [9] After an initial spike in the "birth to age four" cohort, demand is low and relatively flat until individuals reach age 45 to 50, and then increases exponentially with age. For example, Greinacher and colleagues 7, 8 showed that in eastern Germany, RBC transfusion rates per capita were 3.7 times higher in 60-to 79-year-olds and 6.5 times higher in individuals 80 and over compared to 40-to 59-year-olds. An aging demographic bulge of baby boomers is now entering their 60s and 70s in many developed countries. On the other hand, they are followed by a smaller population in younger age cohorts that provide most blood donations. There is concern that the ratio of individuals in high donation cohorts compared to individuals in high use cohorts is declining.
1,10
The composition of the donor base is influenced by many factors. It reflects the recruitment and retention practices of the blood centers that may be targeting donors based on age. It may also be affected by the composition of the general population, as well as social values and motivation to donate, which may differ in different population cohorts by age, sex, and geographic location. [10] [11] [12] This study brings together data on donor and population demographics from many large national and regional blood centers for the first time. In all jurisdictions with available data for both time points, both the median age and the percentage of the general population over age 60 increased from 2001 to 2011. The median age of blood donors in both time periods is a few years younger than the median age of the general population. Donor demographics differ substantially between countries and can only partly be explained by population demographics and donor age criteria. For example, aligning with general population demographics, the percentage of first-time donors and contribution of the youngest donor cohort to the donor pool is high in Singapore, which has the youngest general population, and low in the Netherlands and Belgium, which have older general populations. However, the United States had a much higher percentage of first-time donors and a greater contribution of the youngest cohort of donors to the donor pool than New Zealand, even though these countries have very similar general population demographics. Similarly, donor demographics in the two different periods in the same country can be partly attributed to changes in population demographics. In most countries, the median age of both the general population and the donor population increased by from 1 to 4 years in the decade between 2001 and 2011. In many countries, there is an aging middleaged donor cohort effect, which is most prominent in the Netherlands and other European countries. This may reflect both the size of the general population cohort in this age group and the donation practices in this loyal from individuals in the 16-to 24-year-old age group and 9.9% of all donations coming from 16-to 18-year-olds. 14 The number of US states allowing donation by 16-yearolds increased substantially from 2001 to 2011. Donor demographics therefore reflect not only population demographics and donor criteria, but recruitment practices, location of blood drives, and the emphasis placed on new donor acquisition compared to retention of regular donors.
Older donors are underrepresented compared to the general population in all countries, partly since individuals develop medical conditions that might result in deferral from donation. Opportunities to donate may be limited if clinics are primarily held in the workplaces and increased leisure travel may result in high travel deferral rates. 8, 11, 13, 15 However, age expectancy has increased, as has the number of healthy individuals in their 70s and 80s. Several countries have changed upper age limits and decreased administrative barriers, such as additional medical assessments, to allow healthy older donors to continue donation. This may result in continued donation by a subset of aging baby boomers as they enter their late 60s and 70s. Our study has several limitations. Our data demonstrate the number of donors in each demographic cohort, but do not include donation frequency or proportion of first-time versus repeat donors in each cohort. However, donation frequency varies by sex and age, with males donating more frequently than females and donors in middle-aged cohorts usually donating more often than younger or older donors. [6] [7] [8] [9] [10] [11] [12] Therefore, the contribution of a given donor cohort to the blood supply cannot be fully assessed. Data for 2001 were not available from several centers, limiting comparison of the two time points to a subset of participants. In summarizing data from so many blood centers, we were not able to provide the level of detail shown in elegant studies performed in a single jurisdiction or to transform multiple data sets to the World Health Organization standard population. [6] [7] [8] [9] 11, 12 The strengths of our study include collecting and summarizing data using common definitions and data analysis. We believe that this is the first time that data on donor and population demographics over time have been examined on such a broad scale using uniform methods that allow more accurate comparisons between countries. In summary, demographic data suggest that reliance upon young people to replenish donor loss and build the donor base is a general trend across many developed countries. This may have implications for donor health, since preliminary data suggest that teenage donors have lower iron stores and deplete their iron stores more rapidly on donation than older adult donors. 16 At the same time, in many countries there is a dedicated middle-aged cohort of donors moving toward the time when they are likely to drop out of the donor pool. Future research should focus on comparisons of recruitment and retention practices in different countries to identify ways of encouraging initial and repeat donation among all age groups.
